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The presand 20mveM3von rel ates to sensing devices, in paPCireeken2/odewy ces for
noni nvasi ve sensi ng of physiol ogi cal #easurenents, including the detection

of a phot opl et hysnography (PPG signal froma user. BACKGROUND

A SENSING DEVICE, A METHOD OF PREPARING A SENSING DEVICE
AND A PERSONAL MOBILE SENSING SYSTEM

TECHNICAL FIELD

The present invention relates to sensing devices, in particular devices for non-
invasive sensing of physiological measurements, including the detection of a

photoplethysmography (PPG) signal from a user.

BACKGROUND

Various types of sensing devices that sense physiological characteristics are
currently available. Reflectance-based sensing devices that detect emitted waves which are
reflected off the surface of a living tissue in order to obtain a physiological measurement may

be particularly useful for detection of certain physiological characteristics.

For example, reflectance-based sensing devices may be used to detect
photoplethysmography (PPG) signals. PPG is an optical measurement technique used to
detect blood volume changes in the microvascular bed of living tissue, typically by detecting
light transmitted through the ear lobe or fingertip. As arterial pulsations enter the capillary
bed, changes in the volume of the blood vessels or characteristics of the blood itself modify
the optical properties of the capillary bed. The PPG signal is used to measure saturation of
peripheral oxygen (SpO2), which is an estimation of the level of oxygen saturation in a fluid,

such as blood. The PPG signal can also be used to measure blood pressure.
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SUMMARY

According to one aspect, there is provided a sensing device comprising an
electromagnetic wave emitter for emitting electromagnetic waves to a surface; an
electromagnetic wave detector for detecting the emitted electromagnetic waves that are
reflected from the surface; and a force transmitting member configured to transmit a force
applied thereto for detection, wherein the force transmitting member is positioned relative to
the electromagnetic wave emitter and electromagnetic wave detector to substantially prevent
electromagnetic waves emitted by the wave emitter from travelling directly to the wave
detector. Advantageously, the sensing device is capable of detecting reflected light signals
as well as transmitting a user applied force for detection. Even more advantageously, the
configuration and positioning of the force transmitting member reduce noise in the detected
signals without the need of an additional shading/shielding wall to substantially prevent

electromagnetic waves emitted by the electromagnetic wave emitter from travelling directly
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advantageously be used to transmit exerted force to the force detector without the need to

introduce a separate member to solely transmit the exerted force.

In one embodiment, the force transmitting member is configured to be displaced from
a starting position upon application of the force to said member. Advantageously, the
amount of displacement may be used to correlate to the force applied and allows the

effective force detection.
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reduces the amount of space within the sensing device required for allowing any
displacement or deformation to take place. Even more advantageously, as the moving parts
involved are reduced, there may be less wear and tear of the internal components, thereby

increasing the life span of the device. The piezo-based sensor can be provided as a flexible

printed circuit.

In one embodiment the wave emitter comprises a light emitting diode.
Advantageously, the small size of the light emitting diode contributes to the overall
compactness of sensing device. In one embodiment, the electromagnetic wave detector

comprises a photo detector.

In one embodiment, the surface comprises a surface portion of a user for
measurement. This beneficially allows the sensing device to be used as a medical sensing

device to acquire signals pertinent to physiological measurements.
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force reading to be taken whenever a force is removed.

In one embodiment, the electromagnetic wave emitter and electromagnetic wave
transmitter are disposed on substantially the same plane. This may advantageously reduce
the amount of electromagnetic waves that are directly transmitted from the electromagnetic
wave emitter to the wave detector. The electromagnetic wave emitter and electromagnetic
wave transmitter may be disposed on a same substrate. Accordingly, the number of

substrates used may be reduced.

In one embodiment, the sensing device further comprises a feedback unit coupled to
the force detector, the feedback unit being configured to correlate the quality of the detected
wave with the amount of force applied to the force transmitting member and provide
feedback related to the correlation. The feedback unit may provide useful information to the

user such as whether to reduce or increase the pressure of the detected surface.

In one embodiment, the sensing device s capable of detecting
photoplethysmography signals. Several useful physiological data can be beneficially derived

from the photoplethysmograph signals.
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substantially preventing electromagnetic waves emitted by the electromagnetic wave emitter
from travelling directly to the electromagnetic wave detector, wherein the force displaceable
member is configured to transmit a force applied thereto for detection. The force transmitting

member may be configured to be displaced from a starting position upon application of a

force to said member.

According to another aspect, there is provided a personal mobile sensing system
comprising a sensing device, the sensing device comprising an electromagnetic wave
emitter for emitting electromagnetic waves to a surface, an electromagnetic wave detector
for detecting the emitted electromagnetic waves that are reflected from the surface, and a
force transmitting member configured to transmit a force applied thereto for detection,
wherein the force transmitting member is positioned relative to the electromagnetic wave
emitter and electromagnetic wave detector to substantially prevent electromagnetic waves
emitted by the electromagnetic wave emitter from travelling directly to the electromagnetic
wave detector. The force transmitting member may be configured to be displaced from a

starting position upon application of the force to said member. The force transmitting
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DESCRIPTION OF OPTIONAL EMBODIMENTS

Non-limiting example embodiments of a sensing device, a method for preparing a
sensing device and a personal mobile sensing system are disclosed in the following

paragraphs.

There is provided a sensing device comprising an electromagnetic wave emitter for
emitting electromagnetic waves to a surface; an electromagnetic wave detector for detecting
the emitted electromagnetic waves that are reflected from the surface; and a force
transmitting member configured to transmit a force applied thereto for detection, wherein the

force transmitting member is positioned relative to the electromagnetic wave emitter and
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configured to sense a parameter that is useful to measure a physiological characteristic.

The electromagnetic wave emitter may be replaced by other kinds of wave emitters
such as sound wave emitters. Exemplary sound waves include but are not limited to
ultrasound waves and sound waves which have wavelengths that are within the human
audible hearing range. Preferably, the wave emitter of the sensing device is an
electromagnetic wave emitter. Exemplary electromagnetic waves include but are not limited
to X-rays, visible light rays and infra-red rays. In one embodiment, the wave emitter

comprises a light emitting diode.

The electromagnetic wave detector may be replaced by other kinds of wave
detectors, such as sound wave detectors. Exemplary sound waves include but are not
limited to ultrasound waves and sound waves which have wavelengths that are within the

human audible hearing range. Preferably, the wave detector of the sensing device is an
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emtter and the wave detector for

The force transmitting member of the sensing device may be configured to be
displaced from a default starting position upon application of the force to said member. In
one embodiment, the force transmitting member displaces relative to at least one of the
wave detector and wave emitter. Preferably, the force transmitting member is still capable of
substantially preventing waves emitted by the wave emitter from travelling directly to the
wave detector throughout the application of force on the force transmitting member, where
the force transmitting member is displaced from the starting point to its maximum
displacement distance from the starting position. In another embodiment, the force
transmitting member is not substantially displaced or deformed, but merely allows an applied
force to be transmitted to a sensor beneath the wave detector and emitter. The force

transmitting member may be disposed between the wave emitter and the wave detector for
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outwards for increasing the surface area available to substantially prevent waves emitted
from the wave emitter to travel directly to the wave detector. In one embodiment, the force
transmitting member has a longitudinal cross section that resembles a “T" or an “1" shape.
Preferably, the force transmitting member is made of a material that is substantially
impermeable to waves emitted by the wave emitter, such that the waves emitted from the
wave emitter is substantially prevented from travelling directly to the wave detector. In some
embodiments, the force transmitting member is coated with a coating layer that is
substantially impermeable to waves emitted by the wave emitter, such that the waves
emitted from the wave emitter is substantially prevented from travelling directly to the wave
detector. In one embodiment, the force transmitting member is made of a material that is

sufficiently rigid to be able to transmit a force applied thereto without an appreciable

deformation. In one embodiment the force transmitting member is made of polymers. The



pol ymers nmay be selected froma group consisting of a polyvinyl resin, a
vi nyl acet at e-ethyl ene copolyner, a vinyl polyner, an acrylic resin, a
cel | ul osew@ep1NEP3I3®e and a polyolefin. In particular, tRETHGRYONWOTay be
sel ected fromthe group consisting ofllpoly(ethyl vinyl acetate),
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of deformation experienced by the force transmtting nmenber. In such cases,
it is pubstentiglyeonague. Airnatiiele the fereaqtiansmiting MsEIEr ay pe | tranglyspnteasf
substantially preventing waves emtted by the wave emtter fromtravelling
di r ect llgng as thecamenrt aidglicaligwed e gagtibrRught doegdiod sHbsipdialvnesatyeAttast i s
applied to it. The sensing device may further conprise a resjlient
neans dbepeasingsoofithe wave detectornkhe ferseri? B¢ Mesber Biayrba mgnvisstures be
transmtting nenber to the starting position after an applied force is

r emov e dpldstiganmaiding, suel ag celgmeidiag| ©@MRsARiaN Malding. indadtipp axplding ies Imggme
conprise a spring or a material having sufficient flexural strength to flex
when a asebngiments othedorice teagpmitiing mgmbep isstubstantiallyanqrydefaimghie. 1/ alttwaliyg gj nal
shape upon renoval of the force. ~In_one enbodi nent, the sensing

devi ce ambkaginerts, therferos ransmiding sermberda defermgpleewien aciere isranplied fuite
sensor (the ternms may be used interchangeably herei n% coupled to the force
t r ans miAacoreinghe the defestionyel tae apRlipd feecer Bk bethagpd enithe degipe i defasmation
transmtting WO 2012/ 099539PCT/ SG2012/ 000007 12 nenber. Via the force

t r ans miaxpeiRNoed hydhe farpe trapsrpilingapembeyy 18SUBh 63385y B IS RIpiRIALIE dhatdhe EEe t he
amount of pressure that has been applied by a body part of the user, such
as a fitrapemittingymemiies és sidh @apeble ofeSpbeigRtrllyRIeeting Mpvee emitter by i waye
system (I\(EIVB'). I n one enbodi nent, the force detector conprises a

pi ezo- [eamitter EemdiaveNing drectiyde theowayedetesipe rayghorkids gefornaionayhe a fryce
correl ati ng based on physical and/or electrical property changes of the
mat er i a¢ apRlieditd itnechani cal stress. Such material can include but is not
limted to crystals, ceram cs or senm conductors. The electrical property
changes can include but are not limted to changes in conductivity,
resistivity, resistance, capacitance and/or generated el ectric charge of

t he mat eri alTheTsrnsiidederitr gty WEReLFOMRTSesa| 'Eeiidd Teaa cPried 6?1[5"%6‘?7@? sting
of a piezoel ectric based sensor, a piezoresistive based sensor, a

pi ezoc draemittingmember fos setgBringthederse tiapamittina-meapagiothe stastingpesitionalist  or
or pressure sensor may be in the formof a thin filmflexible rRri nt ed

ci r cui tan anplieddaiee isgemenedfrerdhp sres displasaable MRINRS nPRFLIRSEER) Means MY ce
detector or pressure sensor may be inplemented in the formof a \Weatstone
bri dge compeige ta 8RIiNGi Qu? Angteial haning it flexwigb atrengdih 4o flexavheprg bending
transmtting nmenber is rested on the force sensor and transmts _the force
appl i edorchds apriied @nd tesukstantialierelyp to\ts AdAInalshBRe HREN MeYRLefithe fest or
deformation of the force transmtting nenber. In such enbodi nents, while
sone di spl acenent or deformation nmay be present (for e.g. in a mcroscale),
t hese di splacenents or deformations may not be appreciable to the naked
eye. | n sondnonsrmbasiment, theesensingsdevica digcinsgrbereinsfusther germgrsas digree of
the force sensor. The force sensor and the force transmtting nenber may

f or m a detentgreortpsesure sensor (the terms may be used interchangeably herein) coupled to the

force transmitting member for detecting the force transmitted by the force transmitting



In alternative enbodi ments, the force detector or pressure sensor can
detect the force transmtted by nechani cal neans, for exanple by an

appr eci abwe 2arh9pi39of di spl acenent or by el ectrical neaR€T/SGEV128RD] e by
change of resistance. Wen the force Bransmtting nenber is defornmable upon
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form of a thin film flexible printed circuit implementing the piezo-based sensor. The
components of the force detector or pressure sensor may be implemented in the form of a
Wheatstone bridge circuit/configuration. In exemplary embodiments, the force transmitting
member is rested on the force sensor and transmits the force applied thereto to the force
sensor without substantial displacement or deformation of the force transmitting member. In
such embodiments, while some displacement or deformation may be present (for e.g. in a
microscale), these displacements or deformations may not be appreciable to the naked eye.

In some embodiments, the transmitting member is an integral part of the force sensor. The

force sensor and the force transmitting member may form a single body.

In alternative \embodiments, the force detector or pressure sensor can detect the
force transmitted by mechanical means, for example by an appreciable amount of
displacement or by electrical means, for example by change of resistance. When the force
transmitting member is deformable upon application of a force thereon, the force detector or
pressure sensor may detect the applied force based on the degree of deformation

experienced by the force transmitting member. In other embodiments, other force measuring



Preferably, the disclosed sensing device further conprises a housing for
housi ng the wave emtter, wave detector and force transmtting nenber,
wherei n tWO 2h¥9P339 i s adapted to provide structural ri gCaiSGROR2M00002
sensi ng device. The housing may al so Wouse the additional conponents that
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arti ymers nay be

selected fromthe group consisting of poly(ethyl WO
2012/ 09@’@3@@@1‘5%&12/ 000007 14 vinyl acetate), polyethylene,

pol ypr opyl ene, pol ystyrene and pol yam de. In one enbodi nent, the materi al
of the housing conprises at |east one of ABS (Acrylonitrile butadiene
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can fit snugly within the housing. Likew se, the matching neans of the
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detachable feedback unit.

Preferably, the disclosed sensing device further comprises a housing for housing the
wave emitter, wave detector and force transmitting member, wherein the housing is adapted
to provide structural rigidity to the sensing device. The housing may also house the
additional components that are described above. In one embodiment, the housing is made of
polymers. The polymers may be selected from a group consisting of a polyvinyl resin, a vinyl
acetate-ethylene copolymer, a vinyl polymer, an acrylic resin, a cellulose derivative and a

polyolefin. In particular, the polymers may be selected from the group consisting of poly(ethyl



WO 2012/ 099539PCT/ S&012/ 000007 15 The sensing device may al so
further conprise a coupling nmenber for coupling to an external processing
devi ce wiwoR0124988Af i gured to process the signals from PEE/SSENLING0TUevi ce.
The coupling nmenber nmay conprise a daka comuni cation port. Exanples of
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enbodi ment, the sensing device further conprises a nmeasurenent surface for

receiving a surface portion of the user. The neasurenent surface can be an
orientation-free surface which is not limted.to a single orjentation at
whi ch the s HIexRsiRgsIevise BRAAEHeT BOMPHSE fy5RatIeY A Es T URACHG. Ja force
measur enent surface dges not require thg surface to. be pl aceq iq any

part i cUrasMHting memkes for ransmiliga 28 rEed (Prady 7 Radlnies Moo e force
orientation-free nmeasurenent surface, is capable of reflectin %h emtted
weves HEARSTHING FETYasFe o CARMIGHET M&7NS BSYABAdrarbtike BUCE LRPARTDRY A ce
measurenent surface is not a clip or a cuff, which requires the surface to
be det deggPnerfyicrydx dfnng empqdiigent, when guush. e figrHmys Pedphpne end o
orientation. In sone enbodinents, the orientation-free ne suremeni urface
does. nahe RGBT ikecSTRIGyrem R FRRIaVED MoziR uRk, BSpeaRTSS 4 MGG Me=Re Ll e rent
surface towards the surface that is to be detected. For ample, in sone
enbodi reaRakle qfHeating; vt 3 copplemestarymaleling,@i5ans af # foLSBge ez%?t"?ﬂ)%?l‘%e an

adhesive patch, a cuff or a clip to provjde an inherent c ressiye or
adhesi v ereatierer gans fev e sy aubealsiaise dhat dacRadierRl Baieelh thae | s
to be detected. In sone enbaodi nents, the orient ation-frgg ne sur@?rre%
sur f acematshipgp@epes 6f thahans'agsoubrl thrcarlieyry meansycan i€ ssHal Wiip 4be as

conpared to a WO 2012/ 099539PCT/ SG2012/ 000007 1 . .
P housing. Likewise, the matching means%% the hougng may6be any physical feature that is

capable of mating with the mating means of the cantilever means to provide secure
engagement therewith. In one embodiment, the mating means comprises one or more
features selected from the group consisting of a protrusion, projection, abutment, extension
and the like, while the matching means comprises one or more features selected from the
group consisting of a hole, slot depression, recess, opening, aperture and the like. In another
embodiment, the matching means comprises one or more features selected from the group
consisting of a protrusion, projection, abutment, extension and the like, while the mating
means comprises one or more features selected from the group consisting of a hole, slot,
depression, recess, opening, aperture and the like. Preferably, both the mating means and
matching means are stepped structures that are complementary to each other. In other
embodiments, the cantilever means may be part of the force transmitting member and vice
versa such that both the cantilever means and the force transmitting member form a single

unitary structure.



clip or cuff, which requires that the portion of the user to be detected to
be 3-dinensional, in order to ensure sufficient engagenent with the clip or
the cuff wWor0RawesPi on purposes. The neasurenent surfac@CEReE20I2080087 sur f ace
area no larger than 60 cn2, no largerlsthan 50 cn®2, no larger than 40 cn2,
no larger than 30 cn2, no larger than 25 cn2, no larger than 20 cn®, no

| arger than 15 cn®2, or no larger than 10 cn®. Preferably, the
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embodi ments, the force transmtting nenber is configured to be displaced
from a thataksechi HssAeple® IRPerE@APPIE £oBRUter IACT SUperting. SA) cPrn%@ﬁ‘)%#"g The
met hod % further conprise housing the wave emtter, wave detector and
force tPePierAaviceAg menber in a housing. The sensing device and its
conponents disclosed in the method may be simlar to those described in
par agr aphs above. WO 2012/ 099539PCT/ SG2012/ 000007 17 There is al so
provi ded a personal nobile sensing system conprising a sensing device and a
per sonal noldnlopeEnimessenigthd sensirg fenicecfopén conprees hensasusement deddacsefor o
process a signal obtained from said sensing device. The sensing device and
its comeoeiging = slirfacé pexidn ioh theheses yRteaneamyerhentsiufatecan be ahosientdtigrefreded i n
par agr aphs above. In one enbodi nent, the personal nobile processing device
i s sel esurfade fwhiah it Imet imidethtoca aipget driegtatibn at whivh| tbe shidace, mastdw placed. Foapt op
conputer, a personal tablet conputer, a personal notebook conmputer, a

per sonag¢xadipie,t the erEsitatioariteeamgasurpmesbraifaceudoes pohyequireGhigesurfasi foebe
processi ng devices which are capable of processing the signals obtained

f r om t helassshisiany pddiciliae srierdgtionl, 89 ldng asdkel surfdre is enstacigvitiethie osientatiobree
coupl ed to the personal nobile processing device via a data conmuni cation
port dewmeasurementomvface,lis capableofretieatipgthe emitted ovavien tpwhrds e wavecdalpdted t o

t he personal nobile processing device in a cabl el ess configuration, that
is, witoere émbodimentythenpriertation-frsiynessusernentdsunigeé isonett & eliper 8 entil whiohi | e

processi ng device to the sensing device. In one enbodi nent, the sensing
devi ce tegusestheanuifadel to beuldtented, Han exbmpleah rfinger, o bey plangd indalparticular

orientation. In some embodiments, the orientation-free measurement surface does not
comprise any mechanical or adhesive means to urge the measurement surface towards the
surface that is to be detected. For example, in some embodiments, the orientation-free
measurement surface does not comprise an adhesive patch, a cuff or a clip to provide an
inherent compressive or adhesive force to urge the measurement surface towards the
surface that is to be detected. In some embodiments, the orientation-free measurement

surface is capable of advantageously detecting a 2-dimensional surface as compared to a



The sensing device disclosed herein may be an optical neasurenent device
for obtaining non-invasive physiol ogical neasurenents froma portion of
l'iving tiweel2/ppsdf orce transmtting menber and/ or for CETHEREICL06¢007

di scl osed herein nay be part of a predsure detection assenbly configured to
det ect nd/or dis
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with a cqrrespondi ng app}ied pressure The user is then provided real-tine
f eedbadkY'i HRIIEGRTRIRN Vheh&F ne IRsaertBemi0 6 pressure being applied by the
user shoul d be increased, decreased WD 2012/099539PCT/ SG2012/000007 18 or
mai nt ai ned at the sane IeveI in order to continually obtain the hi ghest
quality signal. The optical neasurenent device can therefore provi ge an
opti mal presl’sfﬁfleéa%tt@? FPRIAEY %fnthélﬁteﬂrﬁt'%(S"ePdPe%%'é‘l’f“?WoWﬁa&ﬁé(Y' ud SHMa¢%her eby
obtaining a resulting optiml neasurenment signal for each user. In this
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unit configured to correlate the quality of the detected signal with the
anount of applied pressure and provi de feedback related to the correl ation
to the user as descri bed above The feedback may be an indication of
whet her t he Thees isairaupravides aﬁeth%f%mﬂwmge 5191“%'5‘8@Pé‘cééf’ﬂ‘@”%lﬁ%ﬁ%’d"% t he
illum nation and detection assenbly. The feedback may display a ran of
opt i mala Ways Pexitep fararyiitiog wavsade @i %Lﬁfaf:ﬁepra\@f*ﬂara WA P%ﬁ%??&ﬁ%i 'B%l%rf‘g

appl i ed bé t he user. The range of opti nal | i ed pressures rr;a correspond
to a stemigedvayes that arenefigsta ffﬁf“e@&ﬁu@‘acerﬁ@'t IR WYk iR putiacefrorB fuwaye t o
the user to increase, decrease or maintain the ag plied Joressure The
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detected applied pressure. The feedback unit nay be a portable co ter
i ncl udidededorpiop cebsigptiallyeprgvgntinggwaves spitied by the Wavrhgmmsr/éroe?n" ”g' "%nd
wave detector disclosed herein may be part of an illumnation and det ection
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user and detect transmtted or reflected |light as a si %nal The de}ect ed

si gnal tf?&?mﬂfeaaf%t%’ﬁi'%i m%rﬁ@gfodpﬁete(;m)lnspmplary embodiments, the force

transmitting member is rested on a force sensor and transmits the force applied thereto to
the force sensor without substantial displacement or deformation of the force transmitting
member. In such embodiments, while some displacement or deformation may be present
(for e.g. in a microscale), these displacements or deformations may not be appreciable to
the naked eye. In alternative embodiments, the force transmitting member is configured to
be displaced from a starting position upon application of a force to said member. The
method may further comprise housing the wave emitter, wave detector and force
transmitting member in a housing. The sensing device and its components disclosed in the

method may be similar to those described in paragraphs above.



The illum nation and detection assenbly, pressure assenbly and feedback
unit may be integrated into a portable device. The portable device nay be
confi gur aNORPtANIAS3Pl ural ity of illum nation and det ecti BATRSIEN2INI0EE and a
plurality of pressure assenblies. Thel7illum nation and detection assenbly
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by the portion of living tissue of the user to the illumnation and
detection assenbly; correlating the quality of the detected signal with the

anount of applied pressure; and provi.din
correl ati Onp'lﬁ'@ §qa@s?qgsg?\%ce dlscrcl)seg herein mgy fb%egnb%% Icarl erl\ggs%(rjer%gnttg'ee\"/ice for

obtaining non-invasive physiological measurements from a portion of living tissue. The force
transmitting member and/or force detector disclosed herein may be part of a pressure
detection assembly configured to detect and/or display an amount of pressure applied by a
body part of a user to the device during the optical measurement. When a user applies an
appropriate amount of pressure to the optical measurement device, the resulting signal-to-
noise ratio of the detected optical measurement signal, such as a photoplethysmography
signal, can be increased, and a more accurate measurement can be obtained from the user.
An optimum pressure can be determined in real-time by analyzing the detected optical
measurement signal and correlating a high signal-to-noise ratio portion of the signal with a
corresponding applied pressure. The user is then provided real-time feedback indicating

whether the amount of pressure being applied by the user should be increased, decreased
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herein al so seek to provide a device and nethod capabl e of augnenti ng
signal tovAAIRAWHPi o in an optical signal of an illum RETSG20REHIGM7 at a
nmeasuring site of a body part of a user. Exenplary enbodi nents al so provide
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only, and in conjunction W|ththe dravmngs I n which: FIG 1A is a

cross- #P6V¢onal view of a sensi ng device in accordance with one enbodi nent
di scl osed herein.

The feedback may be an indication of whether the user should adjust the amount of
pressure being applied to the illumination and detection assembly. The feedback may
display a range of optimal applied pressures along with the actual applied pressure being
applied by the user. The range of optimal applied pressures may correspond to a state of
zero transmural pressure. The feedback may be a request to the user to increase, decrease
or maintain the applied pressure. The feedback may be a real-time visual output of the
detected signal and detected applied pressure. The feedback unit may be a portable

computer including a processor, memory and a display.

The wave emitter and wave detector disclosed herein may be part of an illumination
and detection assembly configured to output light to a portion of a living tissue of a user and
detect transmitted or reflected light as a signal. The detected signal may be a

photoplethysmography (PPG) signal.

The illumination and detection assembly, pressure assembly and feedback unit may
be integrated into a portable device. The portable device may be configured with a plurality
of illumination and detection assemblies and a plurality of pressure assemblies. The
illumination and detection assembly and the pressure assembly may communicate with the

feedback unit over a wireless network.



FIG 1B is an expl oded view of the sensing device of FIG 1A FI G
1Cis a sinplified exenplary representative circuit diagram for

I mpl ementWOQIBRA®IBAbOdI nent of the piezo-based sensor diPSEISG2ed/0ped0Ei n. WO
2012/ 099539PCT/ SG2012/ 000007 21 19 FIG 2A is a cross-sectional view of
a cantilever type sensing device in accordance with another enbodi nent

di scl osed herein. FIG 2B is an exploded view of the sensing device of FIG

2A.
There is also provided a method for detecting a physiological signal using an optical

measurement device comprising: illuminating a portion of living tissue of a user and
detecting transmitted or reflected light as a signal using an illumination and detection
assembly disclosed above; detecting an amount of pressure applied by the portion of living
tissue of the user to the illumination and detection assembly using a pressure detection
assembly disclosed above; correlating the quality of the detected signal with the amount of
applied pressure; and providing feedback related to the correlation to the user using a
feedback unit disclosed above The method may include providing an indication to the user
of whether the amount of pressure being applied to the illumination and detection assembly
should be adjusted. The method may inciude displaying a range of optimal applied
pressures along with the actual applied pressure being applied by the user. The method may
include providing a range of optimal applied pressures along which corresponds to a state of
zero transmural pressure. The method may include requesting the user to increase,
decrease or maintain the applied pressure. The method may include displaying a real-time
visual output of the detected signal and the detected applied pressure. The method may

include providing feedback on a display of a computer with a processor and a memory.

There is also provided a computer program product for detecting a physiological
signal using an optical measurement device, the computer program product embodied on a
computer readable medium and when executed by a computer with a processor and a
memory, performs the method comprising: illuminating a portion of living tissue of a user and
detecting transmitted or reflected light as a signal using an illumination and detection
assembly disclosed above; detecting an amount of pressure applied by the portion of living
tissue of the user to the illumination and detection assembly; correlating the quality of the
detected signal with the amount of applied pressure; and providing feedback related to the

correlation to the user.



FIG 2Cis a sinplified view of Fig. 2A show ng only the main conponents
that nmay be useful for transmttance and sensing of an exerted force.
FI G 2D aWNO 2P1209933E are schematics of an exenpl ary cant iPCEBE&201250p@007 or ce

appl i cation. FIG 2F is a persy¥ective view of the underside of the
transparent plastic piece and the top portion of the plastic housing of
FIG 2B. FIG 2Gis an expl oded view of another exenplary enbodi nent

of the sensing device disclosed herein. 2H is a cross-sectional

FI G
view of an duesmianeembedigients drseribed bereipatso s9ekitp RIGYIHE, B deyies and msthod
stripping to enphasize the structure of the transparent plastic piece.
FI G 2icapsblg of eygmenting signmto 0issyra igmnLAieaRigndl ebar fIHGInaied ('Y atA G,
2G, at various |levels of stripping to enphasize the structure of the opaque
or subsnearuring sije epafady parh et  gse); dexemplary embodiments also provide for detecting

the optical response formed by both light reflected from the measuring site and the light
transmitted through the measuring site. Exemplary embodiments described herein utilize
redirecting reflections of light on its way towards the measuring site (i.e. biood vessels) back

to the region of interest.

In an additional exemplary embodiment, the device may perform a series of
calibration steps for each individual user in order to determine an optimum range of pressure
for each individual. The subsequent steps of capturing the PPG signal will then use the

predetermined optimum range as the benchmark for obtaining an optimum PPG signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of example

only, and in conjunction with the drawings, in which:

FIG. 1A is a cross-sectional view of a sensing device in accordance with one

embodiment disclosed herein.
FIG. 1B is an exploded view of the sensing device of FIG. 1A.

FIG. 1C is a simplified exemplary representative circuit diagram for implementing one

embodiment of the piezo-based sensor disciosed herein.



WO 2012/ 099539PCT/ SG2012/ 000007 22 FIG 3 is an illustration of a
cross-section of a blood vessel when a | ow external pressure is applied.
FIG 4 iswearnoiddesorati on of the cross-section of the bipcdsGeersetoonhen a
hi gh external pressure is applied. 21 FIG 5 is a graphical

il lustration of an anplitude of a PPG signal received during increasing
anounts of external pressure in a state of zero transnural pressure.

FIG 6 is an expanded view |l ustratdon ' . af of
u;si tn% tp}e s%ﬁ@%'%ﬁ%sﬁﬁc{‘?{‘#ﬁ'swh frr%ﬁa'ﬁlﬁ%vgg?ypt% on;t% &g{ngc{R/][c%em%lcgggggg%essure
0 e man, accordi ng, to one exenpl ary enbodi nent. FIG 7

i1l ust ™ eago&eg,eg%ﬂglg}ﬁ%t IS5 SR "of a graph of measured voltage of a PPG
signal over tine as it corresponds to a graph of an applied amunt of
pressure over tine.

FIG. 2B is an exploded view of the sensing device of FIG. 2A.

FIG. 2C is a simplified view of Fig. 2A showing only the main components that may

be useful for transmittance and sensing of an exerted force.

FIG. 2D and FIG. 2E are schematics of an exemplary cantilever type force

application.

FIG. 2F is a perspective view of the underside of the transparent plastic piece and

the top portion of the plastic housing of FIG. 2B.

FIG. 2G is an exploded view of another exemplary embodiment of the sensing device

disclosed herein.

FIG. 2H is a cross-sectional view of an assembled sensing device of FIG. 2A at

various levels of stripping to emphasize the structure of the transparent plastic piece.

FIG. 2l is a cross-sectional view of an assembled sensing device of FIG. 2G, at
various levels of stripping to emphasize the structure of the opaque or substantially opaque

plastic piece.



FIGs. 8A and 8B illustrate a feedback unit, such as a portable device with
a display, in connection with one enbodi nent of the sensing device and a
user's i nverRay9e 39t herewi t h, accordi ng to an exenpl ar y PEFISGAN 12909007

FIG 9 illustrates a graphical user iterface (GJ) on the display,

- opr osentat i 81 AGIRIG! GL MBS SR i MRS S E oA Ol dnaL

FIG 10 illustrates a portable device integrated with a sensing device,
accor diPFRPSHE 8APRYES DI ary enbodi nent. WD 2012/ 099539PCT/ SG012/ 000007 23
FIGs. 11A and 11B illustrate a portable device connected wth a sensing

device configured in a | andscape orientation and a user's interaction

therewi th, according to an exenpl ary enbodi : .
FIG. 4is ar%J illustra%on o>f( th crosgl-secqitc))n %If meentt)lood vessel when a high external

pressure is applied.

FIG. 5 is a graphical illustration of an amplitude of a PPG signal received during

increasing amounts of external pressure in a state of zero transmural pressure.

FIG. 6 is an expanded view illustration of one embodiment of a method of using the
sensing device with the human finger to detect the blood pressure of the human, according

to one exemplary embodiment.

FIG. 7 illustrates a graphical comparison of a graph of measured voltage of a PPG

signal over time as it corresponds to a graph of an applied amount of pressure over time.

FIGs. 8A and 8B illustrate a feedback unit, such as a portable device with a display,
in connection with one embodiment of the sensing device and a user's interaction therewith,

according to an exemplary embodiment.

FIG. 9 illustrates a graphical user interface (GUI) on the display, including a graphical
representation of a PPG signal and a graphical representation of applied pressure,

according to an exemplary embodiment.

FIG. 10 illustrates a portable device integrated with a sensing device, according to an

exemplary embodiment.



FIGs. 12A and 12B illustrate a portable device integrated wwth a plurality
of sensing devices in a |landscape orientation and a user's interaction
therew t WWO20L4¥83Ag to an exenpl ary enbodi nent. PEIES201230008Nd 13B
illustrate a portable device integrat®d with a plurality of sensing devices

| ocat ed on gL dfr Rapk! Pl Rlistdle PILHAL HRY! EineBAKITH BOsdRirgNI&X@IP! ary

eggog!nent. 'S an expa view i llustration of an alternate
enbodi nen S| L ' | ihh ‘ if{ger to
det ect Tehtio i ToetiliaBe okl aRaFUSLATIIGALER, Helchit SoniiRg a0

enbodi nent . Fl 15 is a block diagram of a sensing device,
accord@ﬁ@“f@néﬁmgQgﬁs ary enbodi nent. FI Gs. 16A, 16B and 16C are
graphical illustrations of signals used in the process of obtaining a

direct current (DC) conponent of the PPG signal, according to an exenplary

gg??gi;[r? 2; F;:é?? 124, grlugl‘lJ ZQZIIJsﬁ'ﬁ%n% pbhé&ﬁé rd@%iicg rihtgéraféds\ﬁlgﬁg’bggeélﬁ{' ofi@kssing

. ring _process of “obtarni ng Si gnal ,
accordIJ‘legicteQ iAo Gfé(n%g$&r %ngm%jrl TRAta users interaction therewith, according to an

exemplary embodiment.

FIGs. 13A and 13B illustrate a portable device integrated with a plurality of sensing
devices located on a side portion of the portable device, according to an exemplary

embodiment.

FIG. 14 is an expanded view illustration of an alternate embodiment of a method of
using the sensing device with the human finger to detect the blood pressure of the human,

according to one exemplary embodiment.

FIG. 15 is a block diagram of a sensing device, according to an exemplary

embodiment.

FIGs. 16A, 16B and 16C are graphical illustrations of signals used in the process of
obtaining a direct current (DC) component of the PPG signal, according to an exemplary

embodiment.

FIG. 17 is an illustration of a sequence of data collection performed during the

process of obtaining the PPG signal, according to an exemplary embodiment.



WD 2012/ 099539PCT/ S&2012/ 000007 24 FIG 18 is a flow chart
illustrating a nmethod of neasuring the PPG signal on a sensing device using
f eedback WOEMAU4853pr essure detection assenbly, accordi nGCTEGAN28RD] ar y
enmbodi nent . FI Gs. 19A, 19B and4190 are graphical representations of

the correl at#-rjrétnﬁ%%?%w%t@?ﬁ%@éﬁhggﬂnﬂéﬁoﬁg ARRLLES HEPPY SigndSomai! d be

used in the neasur G signal’, accordifng to an

exenpl ary enbodi nent. P i ol f
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an exer’g)I arp)( enb giirr%nL. DETAI LED DESCRI PTI ON OF DRAW NGS Referring
to FI GSERPYHEN 95“ Shown a cross-sectional view of an opti cal neasurenent

sensi ng device 100 in accordance with one enbodi nent di sclosed herein. The
sensi ng device 100 conprises a wave emtter in the formof a light emtting

di ode 102 t ' : . t - j d
on'the  same TGe Jb 5P PIare: propiapfisatoBnRuBhebrie s8fkhliod Bandenngs Tl
th bst f at whi ch i i i i i 2.
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di d.b .the LED 10 d_ph : 04. Af t itti
renber A PECre eaaris e B SBniR EhE54BErCG an over head portion 108,
is arranged such that the plastic assenbly piece 106 extends through the
opening 120, between the light emtting diode 102 and the phot odetector

area avai | 201G 20 Fuperafepam b RuORIE Pelsth LBH FRER i S RE TR e B o
the. ovarrezarpryPiE ssoru RS BePIRY eRBSardt: O Sscembly prece such
that both of themare at an orientation substantially perpendicular to each
other, i.e. the angle fornmed between the |ongitudinal axis of the overhead
por t i orpEPRILED DEHSC RIPTYONLOF DRAWINGSof t he pl astic assenbly
Referring to FIG. 1A, there is shown a cross-sectional view of an optical
measurement sensing device 100 in accordance with one embodiment disclosed herein. The
sensing device 100 comprises a wave emitter in the form of a light emitting diode 102 and a
wave detector in the form of a photodetector 104 disposed on the same horizontal plane
(relative to the sensing device base) and on the same substrate, which is in the form of a
printed circuit board 112. The substrate or printed circuit board 112 further comprises an
opening 120 disposed between the LED 102 and photodetector 104. A force transmitting
member comprising a plastic assembly piece 106 and an overhead portion 108, is arranged
such that the plastic assembly piece 106 extends through the opening 120, between the light
emitting diode 102 and the photodetector 104. The overhead portion 108 is provided to
increase the overall surface area available to substantially prevent light emitted by the LED
102 from travelling directly to the photodetector 104. In this exemplary embodiment, the
overhead portion 108 is disposed on the plastic assembly piece such that both of them are

at an orientation substantially perpendicular to each other, i.e. the angle formed between the

longitudinal axis of the overhead portion 108 and the longitudinal axis of the plastic assembly
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portion 108 can also be provided in other fornms, shapes and/or orientation
so | ong ¥O0i20124¥p338s to substantially prevent |ight em PCESGRYI2(0hOTLED 102
fromtravelling directly to the phot ®fetector 104. The overhead portion 108
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associated electrical signal to the printed circuit board 112 via the electrical connectors at

one end of the force sensor 118 (not shown in FIG 1.). Due to its flexibility, the force sensor

118 is able to deform slightly when the force transmitting member transmits a force to the

metal connector 118. The sensing device 100 also comprises a plastic housing 114 for

housing the individual components described above. At the top of the housing 114, there is

provided an orientation-free measurement surface in the form of a transparent plastic piece

110 for receiving a surface portion of the user to be detected. The orientation-free

measurement surface in the form of the transparent plastic piece 110 is not limited to a

single orientation at which the surface portion of the user must be placed. For example, as

compared to a clip or a cuff, the orientation-free measurement surface does not require the

surface portion of the user to be engaged therewith in a particular fashion, so long as the



user surface in contact wwth the orientation-free neasurenent surface is
capabl e of reflecting the emtted waves towards the wave detector. As such,
t he ori erwet209P¥38e neasurenent surface is capabl e of RETHRGRAIGHOWST y
detecting a 2-dimensional surface. O®6the other hand, the portion of the
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exerted by the finger is too high or low The user nmay then adjust the
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desired surface to be detected, for example a finger, onto the transparent plastic piece 110.
Light emitted from the light emitting diode 102 travels through the access hole 108a and
towards the finger surface in contact with the transparent plastic piece 110. The emitted light
that is reflected from the finger surface passes through access hole 108b and towards the
photodetector 104. The photodetector 104 then transmits an electrical signal representative
of the detected reflected light to the mobile phone via the data communication port 116. At
the same time, the exerted force is transmitted via the plastic assembly piece 106 towards
the force detector 118. The force detector 118 then provides an electrical signal

representative of the force with the circuit board 112. The electrical signal is then transmitted



FIG 1B is an expl oded view of the sensing device 100 of FIG 1A. The

i ndi vi dual conponents are dismantl ed and can be clearly seen. The plastic
housi ng W0 209 B9seen to be separated into a top port iPOR/SGRHIZ/0800H7 a
bottom portion 114b The force sensor27118 senses contact force and provides
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added as “dummy” force gauges to complete the bridge circuit as and when desired, for

example to negate the effects of temperature changes.
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the LED 202 and photodetector 204. A force transmitting member comprising a plastic
assembly piece 206 and an overhead portion 208, is arranged such that the plastic
assembly piece 206 extends through the opening 220, between the light emitting diode 202
and the photodetector 204. The overhead portion 208 is provided to increase the overall
surface area available to substantially prevent light emitted by the LED 202 from travelling
directly to the photodetector 204. In this exemplary embodiment, the overhead portion 208 is
inserted into the plastic assembly piece such that both of them fit snuggly with each other.

The overhead portion 208 can also be provided in other forms, shapes and/or orientation so

long as it serves to substantially prevent light emitted by the LED 202 from travelling directly
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wall can be annular shaped or in any other shape as long as it forms an enclosure around a

space on the base. In other embodiments, it is also possible that the circumferential wall

comprises one or more gaps to disrupt its continuity but may nevertheless still be considered

to generally surround a space on the base. Due to the wallls extending from the base, the

space on the base that is surrounded by the wall/s may be deemed as a recess or cavity. In

some other cases, the walls may be deemed as a built up area around the space on the

base. The overhead portion 208 can have a protrusion 208c that is complementary to this

recess or cavity such that the protrusion of the overhead portion 208 can be inserted into the



I n use, the sensing device 200 is connected to a personal nobile processing
unit for exanple a nobile phone via the data comruni cation port 216. The
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t ownar ds the force detector 218. The force detector 218 then provides an
electrical signal representative of the force with the ci rcuit board 212.
The el ectri cal nal is then transmitted to the nobi ia th

dat
conmmuni cat i off ep?ﬁsg'ozme angibe $ipfiuEe %fHBﬁéOrﬁ%yaEB’HBﬁ"lgs'é‘eg‘bﬁf g@%?é‘?ﬁ’@f‘t'@ﬁ}( t at g
roc th I d f th 200, The bi | h
oy ol S5evat 6L ckbRyatie WAL TUuRG et 0P P ﬁwgt@g@mvﬂ@??rf& tq €' or ce

exerted by the finger is too high or low The user t hen ust, the
force do Ogcabm?rﬁeﬂsﬁnamh%e@"m% '%Eﬁsi‘%ﬂﬁ‘ nsing su Bk in S
2012/ 099539PCT/ SG2012/ 000007 32 pressure is detected, t bile ? Wil |
di spl ayformel [orsese11s8h 2 14 Thenfarcetessrst 1&e@n ‘PFaProéﬂdédc?ér? %’Hb?rpé'meplfércu'
properties of the reflected |ight detected. i S .an exrp ?d

Vi ew ofth?thi?"%ﬁ§P’P¥@°‘J@RPPc9é‘do‘fr°¥'F%§ t*@A?SS‘PﬂétePer‘?‘i}T"EﬁJélgné‘b‘r‘?ﬁBﬁé’i‘H‘? gy

di smantl ed and can be clearly seen. The g ?Stl c housin J(4 can be nto
be sepdioafedl? Wadhaeleelcsennesiors g ana sad & the tf?r(‘}ﬁ\SBB?‘irngﬁ hat OW?H'?-J rce
sensor 218 senses contact force and provides the assoc (Ie | ectrical

si gnal %%)-tBue p ithfleybiityr &he for?ﬁ)é?'éﬁoéj?ﬂ s\ﬁFa?bﬂ%@ QP‘Z’E’Pr%“QBﬁy E’gﬁ'ﬁé'&‘? e 219
at one end of the force sensor %Sw of
Fi g. zArayﬁmMmrrmtmrﬁesmﬁ%‘ﬁﬁ%ﬂ%m@taﬂ ﬁa@n@fﬁ%&f 2&@ JE%FE'P 'F%F’eY'FFe
transm ssion and the sensing_ of an exerted force tH‘éﬁu h a cantilever type
monent . alShEOMRATey avRipstict Pewsing @18 4AT hauting dhe HRdiurwsl CsrPansatscBeSRRed n” al |

direction except one. This can 2q1| ve the col um better tapl | i té/ and e?sy
for use?bove. Abths @PnOfalhéd}?é‘ﬁ'&ﬁt @Hpqrgds pg)rv&ed an orientation-free measuremen

surface in the form of a transparent plastic piece 210 for receiving a surface portion of the
user to be detected. The orientation-free measurement surface in the form of the transparent
plastic piece 210 is not limited to a single orientation at which the surface portion of the user
must be placed. For example, as compared to a clip or a cuff, the orientation-free
measurement surface does not require the surface portion of the user to be engaged
therewith in a particular fashion, so long as the user surface in contact with the orientation-
free measurement surface is capable of reflecting the emitted waves towards the wave
detector. As such, the orientation-free measurement surface is capable of advantageously
detecting a 2-dimensional surface. On the other hand, the portion of the user to be detected
must be 3-dimensional when a clip or a cuff is used, in order to ensure sufficient
engagement with the clip or the cuff for detection. The transparent plastic piece 210 may

further provide an additional layer of protection, to prevent direct contact and damage to the



FIG 2D and FIG 2E show schematics of an exenplary cantil ever type force
application 230. Conponent 234 can be taken to be a sinplified
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exerted force is transmitted via the plastic assembly piece 206 towards the force detector
218. The force detector 218 then provides an electrical signal representative of the force with
the circuit board 212. The electrical signal is then transmitted to the mobile phone via the
data communication port 216. The mobile phone may comprise a processing unit to process
the signals received from the sensing device 200. The mobile phone may also comprise a
feedback unit to indicate to the user whether the force exerted by the finger is too high or

low. The user may then adjust the force or pressure accordingly and once the optimum



WO 2012/ 099539PCT/ SG2012/ 000007 34 transparent piece 210 has a stepped
outer edge such that the bottomsurface is wider than its top surface. The
casi ng 2MO0i281249p338spondi ngly di nensioned to only fit tRETSGAV1280000Dp
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a resilient neans such as a spring can be present between the transparent
pl astic piece 210 and the conmunication port 216. It can be seen in FIG 2H
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measurenent . . The transparent plastic piece 210 may al so have sufficient
f1 exur atPPUBY I8Fh and/or elasticity to return it back to its original

shape/ posi ti on when the exerted force is renoved. In sone other exenplary
enbodi nents, the transparent plastic piece 210 nmay be WO

2012/ 099539Pl§8.%0a1n2c{ 9&909\% gh%w schematics of an exemplary cantilever type force

application 230. Component 234 can be taken to be a simplified representation of the
transparent plastic piece 210 together with the overhead portion 208 of FIG 2B, Component
236 can be taken to be a simplified representation of the force transmitting member 206 of
FIG 2B, and Component 240 can be taken to be a simplified representation of the force
detector 218 of FIG 2B. When force F is applied on Component 234 towards Component
236, a bending moment occurs resulting in deformation of Component 234 and Component
236 towards one direction. This bending moment is transmitted to Component 240 for

detection.

FIG. 2F is a perspective view of the underside of the transparent plastic piece 210

and the top portion of the plastic housing 214a of FIG. 2B. As shown in FIG. 2F, the
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the exerted force is renoved. Wth conpl enentary mati ng structures present

anong the different conponents, it will be appreciated that the exenplary
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original configuration when a user exerted downward force on it is removed. The resilient
means can also urge the stepped edge at the opposite end 211b towards the casing 214 for
engagement thereto, when the user exerted force on opposite end is removed. When fully
assembled, the fulcrum end 211a of the transparent plastic piece 210 (acting as a cantilever)
can sit on top of the communication port 216, as shown in FIG. 2H. In certain embodiments
a resilient means such as a spring can be present between the transparent plastic piece 210
and the communication port 216. It can be seen in FIG. 2H that the transparent plastic piece
210 is perched at the end of the communication port 216 such that part of 211a is free and
not in contact with the communication port 216. This can possibly allow some clockwise
rotation (from the viewer's perspective of FIG. 2H) of the plastic piece 210 when a force is
applied at the opposite end. As the transparent plastic piece 210 can also act as a
cantilever, the transparent plastic piece 210 can be substantially flexible but at the same
time have sufficient flexural strength to withstand the force exerted by the user during a PPG
measurement. The transparent plastic piece 210 may also have sufficient flexural strength
and/or elasticity to return it back to its original shape/position when the exerted force is

removed. In some other exemplary embodiments, the transparent plastic piece 210 may be
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FIG. 2l is a cross-sectional view of an assembled sensing device of FIG. 2G , at
various levels of stripping to emphasize the structure of the opaque or substantially opaque
plastic piece. As shown in FIG. 21, the plastic piece 252 has a fulcrum end 253a that fits
snugly into the casing 214', such that lateral movements in the plane defined by the X and Y
coordinate axes (the Y axis being the axis going into the page and the X axis being the axis
going from the left to the right of the page from the viewer's perspective) are restricted. The
opposite end 253b is free to move downwards along the Z coordinate axis (the Z axis being
the axis going from bottom to top of the page from the viewer's perspective). However, the
plastic piece 252 has a stepped outer edge such that the bottom surface is wider than its top
surface. The casing 214’ is correspondingly dimensioned to only fit the smaller top surface,
but not the bottom surface. Therefore, because the larger bottom surface is restricted from
moving out of the casing surface, upward movement of the cantilever piece cannot exceed
the default position. When attempts are made to move the cantilever plastic piece 252

upwards, the stepped edge at the opposite end 253b engages with a complementary
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communication port 216", It can be seen in FIG. 2I that the transparent plastic piece 252 is
perched at the end of the communication port 216’ such that part of 253a is free and not in
contact with the communication port 216’. This can possibly allow some clockwise rotation
(from the viewer's perspective of FIG. 2I) of the plastic piece 252 when a force is applied at
the opposite end. As the plastic piece 252 can also act as a cantilever, the plastic piece 252
can be substantially flexible but at the same time have sufficient flexural strength to
withstand the force exerted by the user during a PPG measurement. The plastic piece 252
may also have sufficient flexural strength and/or elasticity to return it back to its original
shape/position when the exerted force is removed. In some other exemplary embodiments,
the plastic piece 252 may be coupled to a resilient means such as a spring which returns the
plastic piece 252 back to its original configuration once the exerted force is removed. With
complementary mating structures present among the different components, it will be

appreciated that the exemplary sensing device can be easily assembled to form a rigid and
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the applied pressure may track the PPG signal 616 on the same graphical
display (see FIG 19A, below), or perhaps be displayed in the formof a
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cantilever moment when a force is exerted. Therefore, in some embodiments, the plastic
piece, the overhead portion and the force transmitting member may collectively form a single

unitary structure, which as a whole, may be considered to a cantilever structure.

In addition, while it has been described above that the wave emitter may comprise a
LED, in some embodiments, a wave emitter may comprise a plurality of LEDs at least one

being a red LED and one being an infra-red LED.

FIG. 3 to FIG. 20 provide further exemplary illustrations, methods and/or
implementations that are believed to be helpful in the understanding of the general principles

of the sensing device disclosed herein.

It is preferable that in certain embodiments, the sensing device is capable of

detecting/sensing a physiological signal. The acquisiton of a physiological signal
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Sane Ampbunt of Pressure.” The audi o feedback could also be in the form of
nmusi cal tones of different pitches or sounds - such as a ringing sound or
buzzer sound - which are wi dely known as positive or_negative sounds. WO
2012/ 099539F@T/“8@@1tmmﬁ?5t@29d in FIG. 4, fheyApelitaton bR BHGh EXEOH f¥Re, the
sensing device 600 may ask the user to calibrate the device_before act ual
nmeasur egaEes dhe tbllf@dPF@sﬂ ghaIto; ke osplkded) abdbe MeasyremsNti $itPoPl2 WSKE Hbet he
user to apply a variety of different pressures to the device during a fixed
peri od RFESSUréris anplied. AESUIGIR residancesefisagwan piped fiow apd eenftfﬁ'@ﬁife“@ﬁg’
detected during that tine period and determ nes a ran e of a I|ed essure
whi ch ovignal dataadf the extegnal Pﬁ@sgfiegﬁbﬂo snr%'rorész%lﬁrshethetrﬁ 'eeéreﬁr»ﬁ Pdhewld t o
exert pressure while following a profile of pressure ranges over a period
of ti neOft@QJ@ﬁO%tSe?tsl%wfb'rsd‘éNr?r”@fth'F%aSG‘S” PRG signal 'P%Sbi?r'g%dsure graph 804 in
FIG 7. As a result of the calibration, the device 600 is able to obtain a
range of applied pressure for each i ndi vi dual user, rather than a

general i zed range which will not be accurate dependr ng on the individual
user bei ng mEH3.UF isda graphical illustration of the amplitude 502 of a measured PPG signal in

comparison with an amount of applied external pressure. With a low applied pressure in
range A, the amplitude 502 is correspondingly low. As the applied pressure is increased, in
range B, the amplitude also increases. However, when the applied pressure increases
beyond a certain point, the amplitude decreases again, as shown in range C. To obtain a
strong PPG signal, the external pressure should be sufficient to minimize transmural
pressure such that the external pressure is equal to the internal pressure. Further illustrated
in FIG. 5 is a range 504 within range B where the amplitude of the PPG signal is at its peak.

Within this range 504, an externally-applied pressure is instantaneously balanced with the
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the porr%glylngt (tjrg\\/lci,lcir?'and out of the finger effectively enough for a good PPG signal to be
detected. Where the pressure is too high, light may be absorbed or scattered such that the

amount of light detected is insufficient to obtain a good PPG signal.

it will also be understood that the sensing device disclosed herein may also comprise
or may be coupled to feedback unit that is capable of providing feedback to the user
indicating whether the user is applying insufficient pressure, too much pressure or the
correct amount of pressure. The feedback to the user may be visual or auditory in the form
of a visual display or audible sounds, and may particularly be a display of the real-time PPG
signal being captured by the device. The feedback may also be a more simplified display
indicating whether the user should take action to increase or reduce the amount of pressure

being applied to the device. In another embodiment, the feedback may be in the form of



FI Gs. 11A and 11B illustrate yet another exenplary enbodi nent, where the
portabl e device 606 may be oriented in a | andscape configuration such that
t he user WoeOR/MKBdi spl ay 614 horizontal |y and i nt er acPETHRIGRON20M@0Zensi ng
device 600 in a way that is easier fof the user to hold the portable device
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period of the PPG signal 616. FI Gs. 12A and 12B il lustrate anot her
exenpl AGSEFDEA ABIPIMUREPRIR plurality of sensing devices 600A and 600B
are integrated with the portable device 606 for interaction with the user
in a landscape orientation. The use of nore than one sensing device wll
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the portable device 606 with both hands 632A and 632B whil e al so pl aci ng
their tdoupled to3feeghackosaiB6ge tThe teedbackpyHdbeR) Mmaynks AgcarerHteeeclyding &ind
600B. In a simlar exenplary enbodinment illustrated in FIGs. 13A and 13B,

t he sergperRgsde v memosO@N epiPnethos dirplaybas i fusthet descriged bglowowith regeré 4% of
the portabl e device 606, so that the user can place index fingers 612A and
612B i rFiGod0ackhevieetibackainddi0barepeiMes Ad°R@ signabark piassyregneaswiemensdnom n a
natural configuration. In this enbodinment, the user's thunbs 634A and 634B
ar e t hdhefsepeingodeniee £08. Bhe teawoely ecalwlatee thy RRE evigral i Wigh e HPresieirs ouch
screen display 614 or menu button 626 while the index fingers are being
sensed rhgasuremenia i erdediovdetermioanoptitaal Gotmint phpreswire Hsd @rayides i antinsd r at ed
in FIGs. 12 and 13, because there are a plurality of sensing devices 600A
and 600BYGisignak agwhown yotheecompasseeEBErHan) gpAnr&12 and rlietbaressyiearapy 16 A
and 616B and pressure status bars 620A and 620B accordingly. The

f eedbacd04uiliustratey indfISo 7 iand Idgaeribedfin Weredetpil BelRwr conput er programmabl e

i nstructions which carry out instructions relating to receiving and
processi ng the PPG signal, the pressure neasurenents, and creation of the
output to the user relating to the correlation of the detected PPG signal
and pr essur eTheeiesdibankaumit®S06 may be provided with a display 614, as illustrated in FIGs. 8A

and 8B. The display 614 may provide visual feedback to the user in the form of a graphical
user interface (GUI) during the process of measuring the PPG signal. The visual feedback
may be a real-time display of the detected PPG signal 616 so that the user can instantly see
the effect of varying the amount of pressure being applied to the sensing device and adjust
the amount of pressure until an optimum PPG signal is displayed. The display 614 may also
provide a real-time graphical indication 618 of the pressure being applied. The graphical
display 618 of the applied pressure may track the PPG signal 616 on the same graphical
display (see FIG. 19A, below), or perhaps be displayed in the form of a vertical pressure
status bar 620 positioned on one side of the displayed PPG signal, as illustrated in FIGs. 8A
and 8B. The status bar 620 will move up and down depending on the amount of force being
applied by the user. In this embodiment, the user identifies an optimal PPG signal in order
to determine whether the displayed real-time PPG signal 616 can be improved. However, by
displaying the detected PPG signal 616 and possibly the pressure status bar 620, the

feedback unit 606 is not required to compute an amount of pressure that provides an
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pressure which provides the highest amplitude of PPG signal - usually a state of zero

transmural pressure. The feedback unit 606 will then provide corresponding indicators to the
user on the display 614 depending on whether the user is applying pressure within, above or

below the determined range.

In an exemplary embodiment, the feedback unit 606 may not require a display, as it
could provide audible commands to the user through a speaker or other audio output
component. For example, the audio device could simply talk to the user to say “Apply More
Pressure,” “Apply Less Pressure,” or “Apply the Same Amount of Pressure.” The audio
feedback could also be in the form of musical tones of different pitches or sounds - such as a

ringing sound or buzzer sound - which are widely known as positive or negative sounds.
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the MCU of the illum nation and detection assenbly 602 to the iPhone(r).

The datgaphs8@4bindriBsédAsm resylefdle salibrationethedey 'CE@%Bﬁ e g‘? O%%EW‘I ARG %’F]e

payl oad is sub-divided into 5 parts, each conprising 2 bytes. of data:
DC1( | Ryappiivsp pregyre fppeach inlyiduglpgssr, (REES 1A ﬁ@‘?rﬁgz%ééa@%@cﬁ.W'%P@b“dat a
I's obtained in a HEX file format and is then converted to back to voltage
(V). accurate depending on the individual user being measured.

In one exemplary embodiment, the feedback unit 606 may be a portable device, such
as a mobile phone, smartphone, personal digital assistant (PDA), tablet, netbook or laptop,
although this list is not exhaustive by any means. However, the feedback unit 606 may not
need to be portable, and could similarly be a computer or server. The feedback unit 606
may be connected with the optical detection device 600 in a wired or wireless fashion, or
through a proprietary connector, such a universal serial bus (USB) port or the 30 pin

connection used in the Apple® iPhone® (Apple Computer, Inc., Cupertino, CA).

In another embodiment, the portable device may be integrated with the sensing
device as a single sensing device 1100, as shown in FIG. 10. The sensing device 600 is
incorporated within a housing 624 of a portable device 606; in this case located near a menu
button 626 of the portable device 606 and separate from a display 614. The illumination and
detection assembly (comprising the wave emitter and detector) and the force transmitting
member can be integrated with the portable device 606, thereby eliminating the need for a

separate pressure detection assembly or a separate illumination and detection assembly.
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ot oces SorUARA RETH Ut al vl ues for Veub (1R) and veub (RED) (.6 the DC
conponents) are cal cul ated. The Vsub signals 652 are subsequently converted

by a digital-to-anal og converter (DAC) 654. The determ ned DC
conponent (Vsub) is then subtracted fromthe raw signal,.Vraw to obtain Vac
656. The newvnraptRergexamplany erbslimente ihe, iinsyigafion 3”‘@98&%‘?80'%@53@“&"3' may
anplification at a second stage anplifier 658 tq ohtain V 0, where the
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functions as the photodetector while the flash functions as the light source. The flash and
camera would be located proximate to each other on the portable device, and the flash
would be configured with a red LED and infrared LED to output the required wavelengths of
light. In this exemplary embodiment, the pressure detection assembly would be the only

significant modification required on the portable device.

FIGs. 11A and 11B illustrate yet another exemplary embodiment, where the portable
device 606 may be oriented in a landscape configuration such that the user views the
display 614 horizontally and interacts with the sensing device 600 in a way that is easier for
the user to hold the portable device 606 in the user’'s hands. In landscape orientation, the
user can place a finger 612 on the sensing device 600 and more easily view a larger time

period of the PPG signal 616.

FIGs. 12A and 12B illustrate another exemplary embodiment, where a plurality of
sensing devices 600A and 600B are integrated with the portable device 606 for interaction

with the user in a landscape orientation. The use of more than one sensing device will allow
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the different PPG waveforns at different
The feedback unit may also include software or other computer programmable
instructions which carry out instructions relating to receiving and processing the PPG signal,

the pressure measurements, and creation of the output to the user relating to the correlation

of the detected PPG signal and pressure measurements.

The monitoring of (i) the PPG signal from the illumination and detection assembly
and (i) the amount of force exerted by an individual from the pressure assembly thus
enables the sensing device to obtain an optimum PPG signal with a high signal to noise
ratio. The signal to noise ratio is augmented in an optical signal. The sensing device
provides for a PPG signal to be acquired at a zero transmural pressure that is unigue to

each user using the device.
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under curve of the PPG waveformis conputed. As shown in FIG 19A the
opti mum pWe81»9933218 applied in FIG 19C 299 nmHg, coPCESGAMAH0097t he
| ar gest area 2110 of PPG wavef orm det4€cted during the calibration (S1404).
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FIG 20 is a block diagramthat illustrates an enbodi nen
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user applies vertical downward force onto the pressure sensor 604 following a pre-

determined applied force profile 808 with respect to time, as shown in the applied pressure
graph 804. The basic fundamental behind this analysis is to identify when the PPG signal
806 begins to display a PPG waveform (point 810) and when the PPG signal finally dies off
(point 812), as these points are indirectly associated with the highest and lowest point of the
blood pressure. In addition, with this analysis, the external pressure needed to achieve zero
transmural pressure can be determined. When zero transmural pressure is achieved, the
PPG waveform reflects the highest amplitude, as shown at area 814 in the PPG signal graph
802. In FIG. 8, as the amount of applied pressure follows the profile 808 of rapid increase
and gradual decrease over time, the PPG waveform 806 changes in amplitude accordingly.
Thus, looking at the entire range of PPG waveform from 810 to 812 with respect to applied
force 808, the highest amplitude PPG waveform 814 provides an indication of the
corresponding position on the applied pressure graph 804 where an amount of applied

pressure results in zero transmural pressure state.



50 providing instructions to processor 2202 for execution. Additionally,
the conmputer platform 2201 receives input froma plurality of input devices
2204, suchoasizpRByboar d, nouse, touch device or verbal PEBSGANA/000002
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devi ce 2205, such f (Y pcal & QMR di sk
medi a or anyprt?t ﬁé?r%@%&i gﬁ%@&‘%ﬁ%\kgmﬁe %eh%ﬁ%uﬁ%bclgnd%g%&ei%@%& e clode.
The co

o ch. EBEcndughy e eristls 378 s FARTSHRE . & BF MRREG-QbGfReRC ™"

er_conponents o oca I c or
pri vat etwork. The network resour. Vi | cti.an nd
Gat ot Skt B isdPar [rLeRor R TNy A0 uehee: PRlesBrBY 48 dSah) HlesoBe ",
connecti ons ,t o net wor k resourc 06 > V] ' S r S,
such ado% ﬁ%@@?@%@?%@ﬁﬁ' %9 éfrﬁeﬁ%ﬁ%ﬁﬁshgg%n g@‘ f@&? gkr%%oﬁ'l(') o°§% s‘?érga?)@vi a
physical] transm ssioa medi a, such as cables or fiber optics. The network
r esour CBYICRR{AY PEIYSEE st orage devices for storing data and executabl e
instructions at a |ocation separate fromthe conputer platform 2201. The

conputer interacts with a display 2208 to output data and other infornmation
to a user, as well as to request additional instructions and ig{ﬁjt fromthe
user. The dilhel Byminatien Ay defeptignopesamply (92 empPasingthenpate a2 04
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2012/ 0983 dHET /16130 1the Jiignipatioy and detection assembly 602 extracts information for

authentication purposes prior to sending of data to the feedback unit 606 or any other form
of processing device. This authentication process may be specific to the iPhone®, as
Apple® requires that any device using the 30 pin connector purchase an authentication

token from Apple®.

With the example of an iPhone®, communication is enabled via the Universal
Asynchronous Receiver/Transmitter (UART) protocol from the 30 pin connector of the
iPhone®. Strings of data are sent to UART every 8 milliseconds from the MCU of the

illumination and detection assembly 602 to the iPhone®.

The data is comprised of 2 bytes of header and 10 bytes of payload. The payload is
sub-divided into 5 parts, each comprising 2 bytes of data: DC1(IR), DC2(Red), PPG1 (IR),
PPG2 (Red) and FS (Force Sensor). This data is obtained in a HEX file format and is then

converted to back to voltage (V).



Due to the strategic positioning of the force transmtting nmenber, the
force transmtting nmenber substantially prevents waves emtted fromthe
wave enm twerot29933avel directly to the wave detector toPCESGEI290008€ i n the
detected signal, without the need of €n additional shadi ng/shiel ding
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PPG waveform. FS sets out to provide information of the amount of pressure applied to the

illumination and detection assembly 602. An example of the data decoding format is show in

Table 1, below.

A raw PPG signal includes DC and AC components, both of which containing
information critical for waveform analysis. Signal conditioning is therefore performed in order
to obtain the information for further processing at the feedback unit. One embodiment of the
signal conditioning process will be described below, and may be carried out by components

of the illumination and detection assembly 602 illustrated in the block diagram of FIG. 16.

To determine the DC component of the PPG signal, the raw signal 642 obtained from
a photodetector 610 is digitized at ADC1 644. The digitized signal will be passed on to both
buffer (IR) 646 and buffer (Red) 648 accordingly, which will store up to 100 samples each

before sending collated data to the processor 650.

Using the raw samples, a baseline DC component can be determined by the
processor 650. At the processor 650, the digital values for Vsub (IR) and Vsub (RED) (i.e.
the DC components) are calculated. The Vsub signals 652 are subsequently converted by a

digital-to-analog converter (DAC) 654.

The determined DC component (Vsub) is then subtracted from the raw signal, Vraw
to obtain Vac 656. The new raw signal, Vac 656, then undergoes a second stage
amplification at a second stage amplifier 658 to obtain Vppg 660, where the signal to noise

ratio is improved compared with Vraw 642.



an el ectromagnetic wave emtter for emtting el ectromagnetic waves to a
surface; an el ectromagnetic wave detector for detecting the emtted

el ect r omeyep1209%&Wes that are reflected fromthe surfa®€T/S&au2400007 ce
transmtting nmenber configured to trafsnmit a force applied thereto for
detection, wherein the force transmtting nmenber is positioned relative to
the el ectronmagnetic wave emtter and el ectronagneti c wave detector to

substantial Ly prevent waves emtted by t electro net i 1t t

From 1 avel IThRGIaBPLEER 19 (66 T oY SLea NGt TS ERTERGE] cCPHaniayy i’
sensing device as clainmed in claim1, wherein the forge transmjttin nmber
'S di st ARG es epbecea i e Sreaheabinrresspiainne of Beawaitel | o
wave detector. 3. The sensing device as clai | . any one of th di
cl ai s 84Rin Flar16AoNpe BSE N'Q-ﬂ@?c@%\é@@c@%'"ﬁ‘gd& tg t he 19or cee preceding
transmtting nmenber for detecting the force transmtted by the force

transmtting nmenber. 4. The sensing device as clained in claim3, wherein

the force detector conprises a mcroel ectronechani cal system ( MEMs).
Referring to FIG. 11, in order to collect the data, an MCU clock 1200 is set to toggle

at a predetermined interval to accommodate retrieving results from both LED(IR) 664 and
LED(RED) 666 during a respective first interval 1202 and second interval 1204. In the non-
limiting embodiment shown in FIG. 11, the interval 1210 is set to 4 milliseconds. The data
collection sequence is then repeated in the third interval 1206 and fourth interval 1208.
Before each toggle between the two LEDs, data from ADC1 644 and ADC2 662 are taken

and sent to UART.

One exemplary embodiment of a method of using the sensing device is described
herein with reference to FIG. 18, with a corresponding exemplary GUI illustrated in FIGs.
19A - 19C. A user seeking to obtain his or her PPG signals will first place a body part, such
as a finger, on the sensor surface of the sensing device (§1402). Calibration of the device to
the individual user may be performed (S1404), where the user is asked to apply an amount
of pressure over a specific period of time, corresponding to a force profile 804, (see FIG. 7).
In other words, the user is asked to vary the applied pressure such that the system can
determine an optimum pressure for the user by analyzing the resulting PPG waveforms that
result from the variety of applied pressures (S1406). The user may also be presented with
at least one measured PPG waveform generated by a particular amount of applied pressure,
as illustrated in the graphical displays in FIGs. 19B and 19C. FIG. 19A is a graphical display
2106 which shows the relationship of a calculated area 2110 under the curve in FIGs. 19B
and 19C with respect to applied pressure 2108. FIGs. 19B and 19C are graphical displays

2102 and 2104, respectively, which illustrate the different PPG waveforms at different



5. The sensing device as clained in claim3, wherein the force detector
conpri ses a piezo-based sensor. 6. The sensing device as clained in claim
5, wher eiWORhE/9PB20- based sensor is selected fromthe GCHEHS2¢3N008Ti ng of
a piezoelectric based sensor, a piezo¥esistive based sensor, and a
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el ectrommonel | ¢ wavg e Lt ol CAMPILSERe 21189 Mhpd il 'H18. HeRd€299 mmHg,
corresponds to the largest area 2110 of PPG waveform detected during the calibration
(S1404). Once this optimum pressure is determined, a subsequent measurement period
begins, during which the user is asked to apply pressure within an optimum range above and
below the optimum pressure (S1408). As previously described with regard to FIG. 8A, the
amount of pressure being applied by the user may be displayed in a graph 618 on the
display 614 so that the user can see the amount of pressure being applied in real-time. The
graph 618 may also be displayed using the pressure status bar 620. If the amount of force
being applied by the user falis outside of the optimum range, the system can detect this in
real-time and will ask the user to increase or decrease the applied pressure in order to

remain within the range of optimum pressure and record the best possible PPG signal

quality (S1410).

Optimum pressure is determined as the pressure at which the measured PPG signal
has the largest waveform amplitude, or area 2112 under the PPG waveform, as shown in
FIG. 19B by the area 2112 bounded by the PPG signal 2114 and baseline 2116. FIG. 19A
then graphs the variation of the area 2112 under the PPG waveform with respect to the
pressure 2108 applied on the sensor. As may be observed in this example, the optimum
pressure 2118 is at 299 mmHg, where area 2112 under the curve is at its maximum of

11.63.

FIG. 20 is a block diagram that illustrates an embodiment of a computer/server
system 2200 upon which an embodiment of the inventive methodology may be implemented.
The system 2200 includes a computer/server platform 2201 including a processor 2202 and
memory 2203 which operate to execute instructions, as known to one of skill in the art. The

term "computer-readable medium" as used herein refers to any medium that participates in



8. The sensing device as clained in claim?7, wherein the el ectromagnetic

wave detector conprises a photo detector. 9. The sensing device as clai ned
i n any orNO@P12d9es3pr ecedi ng cl ai s, wherei n the surfacePCoh5H292880047 sur f ace
portion of a user for neasurenent. 10 The sensing device as clained in any
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correl ation. . .
the ?nternet or other components of a local public or private network. The network resources

2206 may provide instructions and data to the computer platform from a remote location on a
network 2207. The connections to the network resources 2206 may be via wireless
protocols, such as the 802.11 standards, Bluetooth® or cellular protocols, or via physical
transmission media, such as cables or fiber optics. The network resources may include
storage devices for storing data and executable instructions at a location separate from the
computer platform 2201. The computer interacts with a display 2208 to output data and
other information to a user, as well as to request additional instructions and input from the
user. The display 2208 may therefore further act as an input device 2204 for interacting with

a user.

APPLICATIONS

The sensing device disclosed herein is an effective tool for acquiring PPG signals as
well as detect the optimum force required by the user to produce PPG signal of desirable
quality. As the sensing device is capable of functioning with only one wave emitter and one
wave detector, the sensing device may be advantageously compacted into a substantially
small volume for efficient user portability. In addition, the sensing device disclosed herein
has minimal components but yet still able to detect reflected light signals as well as the

compressive force exerted by the user.



15. The sensing device as clainmed in any one of the preceding clains,
wherein the sensing device is capable of detecting photopl et hysnography
si gnal s. WoRogp293999539PCT/ SG2012/ 000007 54 16. The seRSIT$G20100@E7 as
clainmed in any one of the preceding cllains, further conprising a housing

for housi ng e RS LONBANCLISIMRNE oP T ! ifce HREHINE 4GNS, A Gotte! oot or

and force t éﬁsﬁ?tt el'n ousing I s adapted to provide

structyral riaidity to the t%ﬁy%iefbgggg%geg-n%&s&ed/ﬁomtaos&a3@@[fm{ce¢nartﬁaog| a

sensi ng@EY[EY 06 Ff§?%ﬁ?ﬁ an- el ect ronagneti c wave emitter
For emdtlrteé:t‘}gtoetkee (\:A}aK/g rgae%%?c}rltg rg\&vcgsnotls% i tﬁéjﬁfet%(é%d signal, without the need of an

additional shading/shielding component.

It will be appreciated by a person skilled in the art that other variations and/or
modifications may be made to the specific embodiments without departing from the spirit or
scope of the invention as broadly described. The present embodiments are, therefore, to be

considered in all respects to be illustrative and not restrictive.



provi di ng an el ectromagneti c wave detector for detecting the emtted

el ectromagnetic waves that are reflected fromthe surface; positioning a
force tranNeotAWMPFGInenber rel ative to the el ectronmagnet PETHRG2E12009007 er and
el ectromagnetic wave detector to subs®antially prevent electromagnetic
waves emtted by the electromagnetic wave emtter fromtravelling directly
to the wave detector, wherein the force trasnsmtting nenber is configured
to transmt a force applied thereto for detection. 18. A personal nobile
sensing system conprising: a sensing device conprising: an

el ectr ogp Ic wave emtter for emtting el ectromagnetic waves to a
surface; an el ectromagneti c wave detector for detecting the emtted

el ectromagneti c waves that are reflected fromthe surface; and a force

transmtting _Wenbﬁrseﬁg,%idg{,s[;@gohgristi,q{ansmt a force applied thereto for
det ecti on, erein the Torce transmtting menber is pqositioned relative to

the el ectromagnetic woae estiqreagnatis waver BRI EMIKIpE §lackemFoanetc

substantial ly prg)o?vrgs t‘?)laf&}rf gnhetic waves enitted by the el ectromagnetic

wave enmitter fromtravelling directly to the wave detector
an electromagnetic wave detector for detecting the emitted

electromagnetic waves that are reflected from the surface; and

a force transmitting member configured to transmit a force applied

thereto for detection,
wherein the force transmitting member is positioned relative to the
electromagnetic wave emitter and electromagnetic wave detector to
substantially prevent waves emitted by the electromagnetic wave emitter

from travelling directly to the electromagnetic wave detector.

2. The sensing device as claimed in claim 1, wherein the force transmitting
member is disposed between the electromagnetic wave emitter and

electromagnetic wave detector.

3. The sensing device as claimed in any one of the preceding claims, further
comprising a force detector coupled to the force transmitting member for

detecting the force transmitted by the force transmitting member.

4, The sensing device as claimed in claim 3, wherein the force detector

comprises a microelectromechanical system (MEMs).

5. The sensing device as claimed in claim 3, wherein the force detector

comprises a piezo-based sensor.

6. The sensing device as claimed in claim 5, wherein the piezo-based
sensor is selected from the group consisting of a piezoelectric based
sensor, a piezoresistive based sensor, and a piezocapacitive based

sensor.



, and a personal nobile processing device for coupling to the sensing
device to process a signal obtained fromsaid sensing device. WO

2012/ 099539RC/8#E3912/ 000007 55 19. The system as cl ai mBATISG2¢12800071.8,
wherein the force transmtting nenber33i s di sposed between the

el ectromagneti c wave emtter and el ectromagneti c wave detector. 20. The
systemas clained in any one of clains 18 to 19, wherein the sensing device
further conprisesTie kensieg dddvied @is claupéddntanyt loeef of dhee tprecesting tdlaigsmenber
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diode.

8. The sensing device as claimed in claim 7, wherein the electromagnetic

wave detector comprises a photo detector.

9. The sensing device as claimed in any one of the preceding claims,
wherein the surface comprises a surface portion of a user for

measurement.

10. The sensing device as claimed in any one of the preceding claims, wherein

the force transmitting member is elongate in shape.

11.  The sensing device as claimed in claim 5, wherein the piezo-based sensor is

provided as a flexible printed circuit.

12. The sensing device as claimed in any one of the preceding claims, wherein
the electromagnetic wave emitter and electromagnetic wave transmitter are

disposed on substantially the same plane.

13.  The sensing device as claimed in claim 12, wherein the electromagnetic wave
emitter and electromagnetic wave transmitter are disposed on a same

substrate.

14. The sensing device as claimed in claim 3, further comprising a feedback unit
coupled to the force detector, the feedback unit being configured to correlate
the quality of the detected electromagnetic wave with the amount of force
applied to the force transmitting member and provide feedback related to

the correlation.

15. The sensing device as claimed in any one of the preceding claims,
wherein the sensing device is capable of detecting photoplethysmography

signals.



21. The systemas clainmed in claim20, wherein the force detector conprises
a mcroel ectronechani cal system (MEMs). 22. The systemas clained in claim
20, wher evo 2099339 ce det ector conprises a piezo-based PEMSG201208000The
systemas clained in claim22, wherei®™ the pi ezo-based sensor is selected

fromthe groyp c | StiF . ' 1 L] ; | | sti
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gnetic waves to a surface;

providing an electromagnetic wave detector for detecting the
emitted electromagnetic waves that are reflected from the surface;
positioning a force transmitting member relative to the
electromagnetic wave emitter and electromagnetic wave detector
to substantially prevent electromagnetic waves emitted by the
electromagnetic wave emitter from travelling directly to the wave
detector,

wherein the force trasnsmitting member is configured to transmit a force

applied thereto for detection.

18. A personal mobile sensing system comprising:

a sensing device comprising:

an electromagnetic wave emitter for emitting electromagnetic
waves to a surface;

an electromagnetic wave detector for detecting the emitted
electromagnetic waves that are reflected from the surface; and
a force transmitting member configured to transmit a force applied
thereto for detection, wherein the force transmitting member is
positioned relative to the electromagnetic wave emitter and
electromagnetic wave detector to substantially prevent
electromagnetic waves emitted by the electromagnetic wave
emitter from travelling directly to the wave detector
; and

a personal mobile processing device for coupling to the sensing device to

process a signal obtained from said sensing device.
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19.  The system as claimed in claim 18, wherein the force transmitting member is
disposed between the electromagnetic wave emitter and electromagnetic

wave detector.

20. The system as claimed in any one of claims 18 to 19, wherein the sensing
device further comprises a force detector coupled to the force transmitting

member for detecting the force transmitted by the force transmitting member.

21. The system as claimed in claim 20, wherein the force detector comprises a

microelectromechanical system (MEMs).

22. The system as claimed in claim 20, wherein the force detector comprises

a piezo-based sensor.

23. The system as claimed in claim 22, wherein the piezo-based sensor is
selected from the group consisting of a piezoelectric based sensor, a

piezoresistive based sensor, and a piezocapacitive based sensor.

24, The system as claimed in any one of any one of claims 18 to 23, wherein the

surface comprises a surface portion of a user for measurement.

25.  The system as claimed in any one of any one of claims 18 to 24, wherein the
electromagnetic wave emitter and electromagnetic wave transmitter are

disposed on substantially the same plane.

26. The system as claimed in claim 20, wherein the personal mobile processing
device further comprises a feedback unit coupled to the force detector, the
feedback unit being configured to correlate the quality of the detected
electromagnetic wave with the amount of force applied to the force

transmitting member and provide feedback related to the correlation.

27. The system as claimed in any one of claims 18 to 26, wherein the sensing

device is capable of detecting photoplethysmography signals.
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28. The system as claimed in any one of claims 18 to 27, wherein the sensing
device is coupled to the personal mobile processing device in a cableless

configuration.



